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ABSTRACT 
A particular calibration procedure for three 
port network analyzer is presented. The 
adopted matrix solution allows to perform the 
whole calibration with ordinary standards used 
for two port applications and minimizes the 
number of their connections. 
A three-port network analyzer, implemented 
using commercial available hardware is also pre- 
sented and used to verify the calibration algo- 
rithm. 
Experimental verification was carried out 
through measurement of a directional coupler 
and several devices with one and two ports. 
INTRODUCTION 
To measure 3-port devices several alterna- 
tive approaches, based on conventional two-port 
measurement systems were proposed. 
Those techniques require three full two-port 
measurements to obtain the 3-port device pa- 
rameters. During these two-port measurements 
the third device port should be terminated with 
perfectly matched load. Since this requirement 
cannot be met in practice with sufficient accu- 
racy, mismatch errors are induced. 
An exact solution was proposed [l] in or- 
der to  solve this practical problem, based on a 
S-parameter normalization and renormalization 
by means of matrix transformations, to different 
sets of port impedances. 
A computer iterative solution was presented 
in [2] by assuming the knowledge of the imper- 
fect termination. Another recent approach [3] 
tries to  overcome the mismatch problem by US- 
ing time domain techniques. 
Other algorithm were based on a more gen- 
eral custom multiport NWA but required un- 
available 3-port standards to perform the cali- 
bration [4, 51. 
In this paper a new Calibration technique de- 
veloped for a 3-port S-parameter test system, 
implemented with ordinary commercial instru- 
mentation is presented. 
The calibration follows the more general one 
introduced by the authors in [8]. 
According to this new algorithm, complete 
calibration of the 3-port NWA requires measure- 
ment of three arbitrary one-port standards con- 
nected at one NWA port, and only two mea- 
surements of a known two-port standard, such 
as a Ythru", connected in turn between the pre- 
viously selected port and the other 2 ports. So 
that our procedure requires only conventional 
standards, used for two-port applications, and 
minimizes the number of their connections. 
Experimental results were carried out through 
measurements of one, two and three port devices 
connected to the test set ports in several differ- 
ent ways. Good agreement of the same corrected 
S parameter measured at different test set ports 
was observed. 
TEST SET DESCRIPTION 
The system block diagram, shown in figure 1, 
consists of a vector network analyzer, a pair 
of four channel frequency converters, microwave 
switches and directional couplers. 
In order to allow ratioed measurements be- 
tween voltage waves sampled by two different 
frequency converters, one channel in each fre- 
quency converter is used as a reference channel 
for NWA phase locking. An IF switch built into 
one of the two test sets provides the proper sig- 
nals to the IF converter for the further down- 
conversion and digital signal processing. 
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Figure 1: Block diagram of the 3-port imple- 
mented S-parameter test set. 
CALIBRATION TECHNIQUE 
Let the raw pseudo-scattering matrix S, be 
defined by: 
b, = Smam (1) 
where a, and b, are the unratioed readings 
vectors: 
bm = [ (3) 
By a proper procedure outlined in [8],  Sm can 
be acquired from the multiple readings h,, b,;
of the VNA when the source is applied in turn 
at the different ports. 
The relationship between the raw S, and the 
S matrices of the device is obtained by intro- 
ducing three error boxes interfacing an ideal 
NWA which measures S ,  with the DUT refer- 
ence planes as shown in figure 2. 
Each error box is defined by the following 
pseudo-scattering matrix E;, where i = 1,. . . ,3: 
E;= [; ;;] (4) 
Figure 2: Three port error-box model 
The error box concept is so extended to a 3- 
ere the error coeffi- port measuring system, 
cients become the eleme 
trices l?iJ ( i = O , l ; j = O , l )  
rtj = 
0 0 e: 
After some matrix manipulation it results: 
where I is the 3-dimens 
S = A(I + riiA)-' (7) 
where 
A =  [ 
i3l 
and 
A and the elements 
the rll matrix are d eans of a cali- 
the QSOLT calibration technique (61, [7]. 
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The calibration steps are as follows: 
1. At port 1 an usual one-port calibration is 
performed using three known standards; ac- 
quire the corresponding values of b,l/aml 
and compute the three error coefficients e?, 
ejl and 111 [9). 
2. A repetitive procedure is then carried out 
for the other 2 ports by connecting in turn 
a known two port network between port 1 
and 2 and port 1 and 3. 
and 
x 3  = 
-$ 
A 
-E 
(9) 
the measured quantities at  each port are 
linked with actual ones by means of the fol- 
lowing relationships: 
From 12, 13 and 14 it is straightforward to 
obtain (k = 2,3) 
where Tmk is the trasmission matrix ob- 
tained from the four related elements of S m  
as: 
1 [ --- smhl - J  smkl 
while T,,, is the known two port standard 
trasmission matrix. 
From equation (15) it follows that: 
Ten error coefficients are so obtained ( k  = 
2,3): 
3. The remain error coefficients are 132 and 123. 
To carry out these error coefficients no ad- 
ditional standard is needed since: 
The two uthrun connections required are the 
minimum necessary to uniquely obtain all the 
error coefficients. Can be proven that the three 
error boxes give 11 independent unknowns as 
the number of the independent measurements 
provided by this calibration procedure. 
EXPERIMENTAL RESULTS 
Several tests were carried out by measuring 
passive components with one, two and three 
ports. 
A coaxial 3.5 mm sliding load procedure and 
two offset short standards were used to calibrate 
port 1 from 3 to 18 GHz. A broadband 50 ohm 
917. 
load was then measured on ports 2 and 3 while 
the unused ports were left open. 
The results reported in figure 3, are in very 
good agreement, and prove that all the NWA 
test ports are able to measure well matched 
loads (-40 dB) with the same accuracy. 
Some results obtained for a directional coupler 
connected as shown in figure 4 are presented. In 
figure 5 the direct and reverse coupling factors 
Sz1 and Slz were compared each other to check 
the device reciprocity while figure 6 shows the 
input mismatch at  all the ports. 
CONCLUSION 
The paper presents a simple and fast calibra- 
tion procedure for a three port NWA based on 
commercial two port standard. Exprimental re- 
sults testify its effectiveness. 
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Figure 3: Magnitude of a standard matched load 
reflection coefficient measured at port 2 (case a) 
and at  port 3 (case b) 
3-PORT TEST SET 
Figure 4: Port connections used for directional 
coupler measurements 
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Figure 5: Directional coupler Szl and Slz mag- 
nitude and their difference DELTA 
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Figure 6: Directional coupler Sii magnitude 
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